In the course of investigations on the preparation of multiple substituted hydantoins from 5-aminobarbituric acids, 1,2 there was an interest in detecting such cyclic acylureas by color reactions, which would be simple and fast to perform. The bestknown detection reaction for barbituric acid derivatives and hydantoins is complexation by heavy metal salts. 3 Discovered first by Parri 4 in 1924 using cobalt(II) chloride, ammonia and dry ethanol, the reaction was modified seven years later by Zwikker 5 by employing copper(II) sulfate and barium hydroxide or pyridine. In the following years, cobalt(II) nitrate, cobalt(II) acetate and cobalt(II) thiocyanate were introduced into the analytical chemistry of barbiturates and hydantoins by Bodendorf, 6 Dille and Koppanyi, 7 and de Faubert Maunder, 8 respectively. Thereby, a huge variety of inorganic and organic bases as well as different solvents were tested. The influence of the amount of water in the solvents was examined just as often. Some comparative studies have been published 9-11 with partially contradictory results. For example, Bult 12 described a negative reaction for phenytoin, when treating it with cobalt(II) nitrate and cyclohexylamine in methanol, whereas Lang 9 reported a positive reaction for phenytoin with the same heavy metal salt and piperidine as a base. Starting from this confusing situation, different substituted amino-and acetamidobarbituric acids and hydantoins, including pharmaceutical important substances such as phenytoin (I, Fig. 1 ), phenobarbital (VIII) and its sodium salt (IX) should be part of the present study. A new objective method to evaluate the visual observation of the colors of the cobalt-and copper complexes was developed. In addition, the method of the European Pharmacopoeia describing an identification reaction of non-nitrogen substituted barbiturates should be also performed with the chosen compounds.
Introduction
In the course of investigations on the preparation of multiple substituted hydantoins from 5-aminobarbituric acids, 1, 2 there was an interest in detecting such cyclic acylureas by color reactions, which would be simple and fast to perform. The bestknown detection reaction for barbituric acid derivatives and hydantoins is complexation by heavy metal salts. 3 Discovered first by Parri 4 in 1924 using cobalt(II) chloride, ammonia and dry ethanol, the reaction was modified seven years later by Zwikker 5 by employing copper(II) sulfate and barium hydroxide or pyridine. In the following years, cobalt(II) nitrate, cobalt(II) acetate and cobalt(II) thiocyanate were introduced into the analytical chemistry of barbiturates and hydantoins by Bodendorf, 6 Dille and Koppanyi, 7 and de Faubert Maunder, 8 respectively. Thereby, a huge variety of inorganic and organic bases as well as different solvents were tested. The influence of the amount of water in the solvents was examined just as often. Some comparative studies have been published [9] [10] [11] with partially contradictory results. For example, Bult 12 described a negative reaction for phenytoin, when treating it with cobalt(II) nitrate and cyclohexylamine in methanol, whereas Lang 9 reported a positive reaction for phenytoin with the same heavy metal salt and piperidine as a base. Starting from this confusing situation, different substituted amino-and acetamidobarbituric acids and hydantoins, including pharmaceutical important substances such as phenytoin (I, Fig. 1 ), phenobarbital (VIII) and its sodium salt (IX) should be part of the present study. A new objective method to evaluate the visual observation of the colors of the cobalt-and copper complexes was developed. In addition, the method of the European Pharmacopoeia describing an identification reaction of non-nitrogen substituted barbiturates should be also performed with the chosen compounds.
Cu 2+ (3d 9 ) and Co 2+ (3d 7 ) complexes can be sp 3 or sp 3 d 2 hybridized and are therefore able to form tetrahedral or octahedral structures, depending on their ligands. It is known for Co 2+ , that its octahedral complexes can be high-or low spin depending on its ligands, and thus on the ligand field stabilization energy, whereas for Cu 2+ only one octahedral complex is possible. However, Co 2+ is one of the transition metal ions which forms more tetrahedral complexes than any other one. 13 According to Bult 12 tetrahedral cobalt(II) complexes of the composition CoBarb2X2 (Barb = barbiturate, X = neutral ligand, e.g. amine) had a higher molar extinction and a higher color intensity (violet) than the octahedral ones (pink colors). A shift from octahedral to tetrahedral structure could be achieved by excess amine, which could both deprotonate the ureide NH and act as a ligand. Otherwise, with the solvent methanol as a neutral ligand, octahedral complexes would result. 12 These considerations were taken into account when planning the experiments of this systematic study to reassess the Zwikker-and Parri-type color tests. sodium hydroxide were obtained from Fluka (Taufkirchen, Germany). Phenobarbital (VIII, Fig. 1 ) and phenobarbital sodium (IX, Fig. 1 ) were obtained from Synopharm (Barsbüttel, Germany) and phenytoin (I, Fig. 1 ), 5-methylhydantoin (II, Fig.  1 ) as well as cobalt(II) thiocyanate from Aldrich (Steinheim, Germany). Cobalt(II) acetate and cobalt(II) nitrate hexahydrate were purchased from Grüssing (Filsum, Germany) and Alfa Aesar (Heysham, UK), respectively. Piperidine, cyclohexylamine, tert-butylamine, morpholine, copper(II) acetate monohydrate and copper(II) sulfate came from Merck (Darmstadt, Germany). Isopropylamine was obtained from Acros (Geel, Belgium) and pyridine (p.A.) from Roth (Karlsruhe, Germany). Other test compounds ( Fig. 1) were 5-acetamido-5-methylbarbituric acid
Synthesis of test compounds
NMR spectra were recorded on a Bruker Avance DRX 500 at 500 MHz ( 1 H) and 125 MHz ( 13 C) in DMSO-d6, unless stated otherwise. Melting points were determined on a Büchi 510 apparatus and are uncorrected. The syntheses of 1,3-dimethyl-5,5-diphenylhydantoin (IV), 14 5-benzylamino-1,3-dimethyl-5-phenylbarbituric acid (VI), 1 and 5-isopropylcarbamoyl-5-methylhydantoin (VII) 2 were performed according to the references.
Synthesis of 5-acetamido-5-methylbarbituric acid (III)
Sodium (1.27 g, 55 mmol) was dissolved in 250 mL dry ethanol. To this solution, 2-acetamido-2-methylmalonic acid diethyl ester (11.56 g, 50 mmol) and urea (3.0 g, 50 mmol) were added and refluxed for 3 h. The solvent was evaporated under reduced pressure and the residue was dissolved in water and filtrated. The filtrate was acidified with hydrochloric acid (4 N), cooled and precipitation occurred. The colorless crystals were filtered off and dried: yield 46%, mp 290 -292˚C; 1 H NMR δ (ppm) 1.47 (s, 3H, CH3), 1.82 (s, 3H, COCH3), 8.99 (s, 1H, NHCOCH3), 11.26 (s, 2H, NH); 13 C NMR δ (ppm) 21.27 (CH3), 22.37 (COCH3), 58.35 (C-5), 149.909 (C-2), 169.86 (COCH3), 171.34 (C-4, C-6).
Synthesis of 1-benzyl-5-benzylamino-5-methylbarbituric acid (V)
Methylmalonic diethylester and benzylurea were reacted with sodium ethoxide in refluxing ethanol to give 1-benzyl-5-methylbarbituric acid according to a reference. 15 A solution of this compound (9.33 g, 30 mmol) in acetic acid (450 mL) was stirred at room temperature. Bromine in acetic acid (20%, 24.15 g, 30 mmol) was added dropwise over 20 min. The mixture was stirred for 1 h at room temperature, the solvent was evaporated under reduced pressure, and the residue was dissolved in diethyl ether. After the addition of charcoal and filtration into the same amount of petroleum ether, the mixture was kept at room temperature in an open dish. After evaporation, the residue was suspended in petroleum ether and filtered off to give 1-benzyl-5-bromo-5-methylbarbituric acid: yield 96%, mp 84 -87˚C; 1 . This compound (3.11 g, 10 mmol) was then dissolved in 25 mL dry acetonitrile. Benzylamine (2.14 g, 2.18 mL, 20 mmol) in 5 mL dry acetonitrile was slowly added under cooling and then stirred for 1 h at room temperature. The mixture was diluted with 250 mL of a saturated sodium chloride solution and extracted with ethyl acetate (4 × 50 mL). The combined organic layers were dried (Na2SO4) and the solvent removed in vacuo. The resulting oil was treated with diethylether and the solvent removed in vacuo again to obtain a solid: yield 93%, mp 50 -53˚C; 1 H NMR δ (ppm) 1.49 (s, 3H, CH3), 3.00 -3.10 (s, br, 1H, NHCH2 
Analytical procedure
The test compounds were dissolved in methanol at a concentration of 1.67 g/L. Aqueous solutions of the copper(II) salts and methanolic solutions of the cobalt(II) salts had concentrations of 5% (m/V) and 10% (m/V), respectively. From all bases (isopropylamine, tert-butylamine, cyclohexylamine, piperidine, morpholine) methanolic solutions with concentrations of 5 and 10% (m/V) were prepared, except from pyridine, which was dissolved in methanol to a 10% (m/V) solution. For the performance of the method of the European Pharmacopoeia a solution containing 10% (m/V) cobalt(II) nitrate and 10% (m/V) calcium chloride and a solution of 8.5% (m/V) sodium hydroxide, both in water, were made.
To 3.0 mL of a solution of the test compound (or 3.0 mL methanol in case of the blank) 0.1 mL of the solution of the heavy metal salt and 0.1 mL of the solution of the base were added (according to Table 1 ). The mixture was shaken and immediately the color was observed visually according to a color palette (Table 2) . 16 In the case of morpholine, the visual observation was made 5 min after the addition of that base.
Results and Discussion
Different pharmacopoeiae contain Parri-or Zwikker-type identification reactions for barbiturates and/or hydantoins. The general procedure for non-nitrogen substituted barbituric acids of the latest issue of the European Pharmacopoeia (Ph. Eur. 5.0, 01/2005, chapter 2.3.1) embraced the reaction of test compounds with cobalt(II) nitrate (10% in methanol) and an inorganic base. This test was performed with all compounds (Fig. 1 ) in addition and comparison to the other thirty six methods chosen.
As expected, non-nitrogen substituted barbituric acids (III, VIII, IX) reacted positively and yielded in a violet precipitate of the cobalt complex. Barbituric acids that were substituted at one or two nitrogens and all hydantoins gave a negative test result. They could not be detected or distinguished from each other by this method.
In the Japanese Pharmacopoeia (14th Ed., 2001), copper(II) sulfate and pyridine are described for the detection of barbital and phenobarbital. Tests employing copper(II) sulfate (5% in water) and ammonia are part of the European and Japanese Pharmacopoeia identification methods of phenytoin. In both Pharmacopoeiae, ethosuximide can be found to be identified with either cobalt(II) chloride or copper(II) acetate and sodium hydroxide.
According to these Pharmacopoeia procedures, the concentrations of the cobalt(II)-and copper(II) salts, 10% and 5%, respectively, as well as the amounts and compositions were fixed for the further thirty six tests, as shown in Table 1 . To make the decision of the observed colors easier and more objective, a color palette was defined ( were scheduled (yellow, lightgreen, hotpink, darkviolet, mediumslateblue, deepskyblue, blue), each of which was characterized by a unique hexadecimal code giving the portion of red, yellow and blue, by two letters/numbers, respectively. The color was noted after the addition of all components. A test was said to be positive if the test solution had another color than the blank. For example, when performing test 1 the following colors were observed, blank: yellow, compounds I, II, V and VII: hotpink, compounds III, VIII, and IX: darkviolet, compounds IV and VI: yellow. Thus, test 1 was negative for IV and VI, and positive for the other compounds. From previous considerations, out of the nine compounds, seven positive (I, II, III, V, VII, VIII, IX) and two negative reactions (IV, VI) were expected. The outcome of each color test is shown in Table 3 . Tests 1 -8 as well as 31 and 34 gave correct results for positive and negative reactions and were therefore suitable for visual estimations. Tests 9 and 10 gave positive results for all compounds, and in tests 11 -30, 32 -33 and 35 -36 no differences in the color of the test solutions compared to the blank were observed. From this data, thirty six tests could be divided into three groups: the first gave always false negative results, the second always false positive ones, and a third did discriminate the substances by giving correct positive and negative results. This was also proof for the good choice of the composition of the color palette (Table 2) , which was designed prior to the performance of the tests.
Considering the heavy metal salts used in these tests, cobalt(II) acetate and cobalt(II) thiocyanate were concluded not to be suitable reagents to detect the compounds properly. This result was highly unexpected in light of the literature data.
The best tests in this series were numbers 1 -8, 31 (copper(II) acetate and isopropylamine), and 34 (copper(II) sulfate and isopropylamine), which gave correct results in all visual observations. The utilization of cobalt(II) nitrate and several amines gave correct results in eight of ten tests in visual evaluations (1 -8) , showing this heavy metal salt to be an especially appropriate component. However, in the presence of morpholine tests (9, 10) Table 3 Results of all color test
Conclusion
Using the color palette introduced herein, a positive or negative result could be scheduled by a simple yes/no decision on the basis of only seven defined colors. It was shown, that two heavy metal salts (cobalt(II) acetate and cobalt(II) thiocyanate) were impracticable. Beyond that, the choice of the other components in every test was found to be an important factor for an unmistakable result.
